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SUMMARY 
A description o f  procedures used i n  monitoring, analyzing, and displaying 
f l i g h t  and ground f l u t t e r  t es t  data  is  presented. These procedures include 
three d i g i t a l  computer programs developed t o  process s t ruc tu ra l  response data 
i n  near real t i m e .  Qual i ta t ive  and quant i ta t ive modal s t a b i l i t y  data are 
derived from t i m e  h i s to ry  response data resu l t ing  from rapid sinusoidal f re-  
quency sweep forcing functions ¶ tuned-mode quick stops and pilot-induced 
control pulses. The techniques have been applied t o  both fixed- and rotary- 
wing a i r c r a f t  
f l u t t e r  model t e s t s .  
during f l i g h t y  whirl  tower ro tor  systems tests ¶ and wind tunnel 
An hydraulically driven osc i l l a to ry  aerodynamic vane exc i ta t ion  system is 
described. This system was recent ly  u t i l i z e d  during the  f l i g h t  f l u t t e r  tes t  
programs accomplished during Lockheed L-1011 and S-3A development. 
INTRODUCTION 
The present day costs  of prototype/development f l i g h t  vehicles and over- 
a l l  demands on f l i g h t  t e s t i n g  t i m e  require t h e  f l u t t e r  engineer t o  minimize 
both f l i g h t  and calendar time associated with f lu t te r  substant ia t ion and 
f l i g h t  envelope clearance.  This objective must be  accomplished while maximum 
safe ty  of f l i g h t  t o  t h e  f l i g h t  crew and vehicle i s  maintained. Test and data  
analysis procedures must a l so  be developed t o  minimize the  r i s k  of s t ruc tu ra l  
damage and/or loss  o f  the  high cos t ,  dynamically scaled wind tunnel f l u t t e r  
models normally used during the  pre-prototype phase of a f l i g h t  vehicle devel- 
opment program. 
test  program which u t i l i z e s  r e l i a b l e  procedures o f  instrumentation, s igna l  
conditioning, exc i ta t ion  technique, ,and data transmittal/storage/retrieval/ 
display .) properly integrated and compatible with the  pa r t i cu la r  charac te r i s t ics  
of t he  test  vehicle. 
These objectives can be a t ta ined  only by a well-coordinated 
The i n s t a l l a t i o n  of  special  sinusoidal exc i ta t ion  devices ¶ although desir-  
able,  can be j u s t i f i e d  only f o r  those cases where t h e  s t a b i l i t y  of  a number o f  
f lu t te r - s igni f icant  modes must be  monitored, or f o r  those cases where a l t e rna te  
o r  more economical exci ta t ion techniques, such as control pulses do not 
adequately exci te  t h e  modes o f  i n t e r e s t .  In invest igat ing the  e f f ec t  o f  
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r e l a t ive ly  minor design changes which arise during t h e  operational phase of 
an a i r c r a f t  such as control  system changes external  s to re  additions and 
s igni f icant  m a s s  or s t i f f n e s s  var ia t ions ,  a l te rna te  exc i ta t ion  methods which 
do not demand special  purpose hardware in s t a l l a t ions  may be used. These 
methods include t h e  well-known control  pulse (manual or e l e c t r i c a l )  f o r  l o w  
frequency modes generally less than 10 Hz, as w e l l  as recent developments i n  
computerized data  analysis techniques applied t o  t urbulence-induced s t ruc tu ra l  
response data.  The l a t t e r  methods r e l y  primarily on various Fourier trans- 
forms and spec t r a l  analysis procedures t o  determine modal frequency and damp- 
ing charac te r i s t ics .  Examples of such techniques are described i n  references 
1, 2 ,  and 3. 
This paper b r i e f l y  describes the various f l u t t e r  t e s t i n g  techniques 
u t i l i z e d  at t h e  Lockheed-California Company i n  recent years as applied t o  
several  major f l i g h t  vehicle programs. 
online data  monitoring capab i l i t i e s  made possible by the  a v a i l a b i l i t y  of 
modern computerized data  handling systems. 
Primary emphasis i s  placed upon the  
Proper acknowledgement should be given t o  several  associates at the  
Lockheed-California Company who were instrumental i n  developing , and making 
operationally p r a c t i c a l ,  t he  techniques described i n  t h i s  paper. 
Ed.mund A. Bartsch and Darrow Richardson developed the  real-time decay 
program and the  real-time response program. B i l l  Kobayashi developed the  
peak p lo t  analysis  with contributions made by Joe Bu t t i t t o ,  B u r t  McCorkle, 
Bridget Shycoff, and Erick Sturcke. 
MODAL EXCITATION 
So t h a t  t h e  f lu t te r - s igni f icant  modes of t he  Lockheed L-1011 a i r c r a f t  
could be properly evaluated , an hydraulically driven osc i l l a to ry  aerodynamic 
vane exc i ta t ion  system w a s  developed and in s t a l l ed  on the  wingtips and 
s t a b i l i z e r  t i p s .  
being mounted on the  a f t  fuselage.  
Industr ies ,  Santa Ana, Cal i fornia .  
fabr icated at Lockheed by using he l icopter  ro tor  blade design and fabricat ion 
techniques , which provided the  required s t ruc tu ra l  capabi l i ty  t o  withstand 
the extreme i n e r t i a l  and aerodynamic loadings imposed on t h e  vanes at the  
required frequencies. 
are shown i n  f igures  1 and 2.  
The same system w a s  l a te r  used during t h e  S-3A f l u t t e r  tes ts ,  
The vane actuators  w e r e  developed by Royal 
The aerodynamic vanes were designed and 
Photographs o f  the  vane i n s t a l l a t i o n  and control  un i t s  
Sal ient  features  of  t he  exci ta t ion system are : 
A. It provides constant and se lec tab le  s inusoidal  force over t h e  
frequency range of  from 0.5 t o  25 Hz f o r  L-1011 application and 
2.5 t o  50 Hz f o r  S-3A application. 
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B. It u t i l i z e s  an automatic l i n e a r  per iod  frequency sweep function. 
Sweep time/rate i s  s e l e c t a b l e ,  The sweep rate u t i l i z e d  during t h e  
L-1011 program optimized modal response minimized sweep t i m e  il and 
optimized frequency s h i f t  due t o  sweep rate. 
optimized response amplitude /t e s t  t i m e  e 
The S-3A sweep rate 
C .  
D. 
The i n s t a l l e d  un i t  weight i s  approximately 46 ki.lograms. 
me a i r f o i l  used w a s  symmetrical with 53-cm span and 46-cm 
chord. The vane w a s  mass balanced with center  o f  g rav i ty  at t h e  
ax i s  of  r o t a t i o n  (20% chord).  The aerodynamic cen te r ,  as determined 
by wind tunne l  t e s t s ,  w a s  approximately 1 .25  cm af t  of t h e  
ax is  of r o t a t i o n ,  minimizing ac tua to r  force  requiremenw . Blunt 
t r a i l i n g  edges were added t o  t h e  vanes t o  ensure a zero l i f t  t ra i l  
s t a b i l i t y  when unpowered. 
E. The vane fo rce  capab i l i t y  w a s  +lo00 newtons at 200 KEAS with propor- 
t i o n a l l y  higher forces ava i lab le  a t  h igher  speeds. The maximum vane 
o s c i l l a t o r y  angle of a t t a c k  was -115 . The force on each vane w a s  
ind iv idua l ly  se l ec t ab le .  
0 
F. Automatic f a i l - s a fe  f ea tu res  were designed in to  the  ac tua tor  cont ro l  
system t o  l i m i t  vane fo rce ,  vane amplitude, and/or a i r c r a f t  s t ruc-  
t u r a l  response. 
G. There were provisions for manually tuning p a r t i c u l a r  modes of i n t e r e s t  
and s top  vanes at zero l i f t  pos i t ion  wi th in  l e s s  than 1 cycle.  
The vanes can be driven e i t h e r  i n  phase o r  180° out of  phase as 
required t o  exc i t e  symmetric or antisymmetric a i rp l ane  modes. 
H. 
In  addi t ion  t o  t h e  use of  t h e  o s c i l l a t o r y  vanes t o  provide modal exc i ta -  
t i o n ,  c e r t a i n  modes were inves t iga ted  by using cont ro l  pulses or e l e c t r i c a l l y  
commanded symmetric a i l e ron  impulses. In  t h e  case of c e r t a i n  wind tunnel f l u t -  
t e r  model tests,  modal damping c h a r a c t e r i s t i c s  have been determined by applying 
the  peak p l o t  da ta  ana lys i s  method t o  model response t l m e  h i s t o r i e s  exc i t ed  
by e x i s t i n g  wind tunne l  turbulence.  
The choice of exc i t a t ion  i s  based on the  s p e c i f i c  modes of  i n t e r e s t ,  cost  
considerations,  and da ta  ana lys i s  procedure t o  be used. 
DATA ANALYSIS METHODS 
Real-Time Decay Analysis 
The real-time decay ana lys i s  program w a s  developed t o  analyze telemetered 
f l i g h t  f l u t t e r  t e s t  da ta  by use of  an online computer and t o  he lp  make a r ap id  
determination of t h e  damping of  s t r u c t u r a l  modes exc i ted  e i t h e r  by con t ro l  
pulses or by tuning  with s inusoida l  forcing devices and quick-stopping t h e  
e x c i t a t i o n  input .  
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The decay analysis program is based on the  well-known a t i o n  t h a t  the  
decay t i m e  h i s to ry  of t h e  free osc i l l a t ion  following a pulse or quick stop i s  
an exponential function. A p lo t  of t he  log  magnitude of  the decay versus t i m e  
i s  therefore ,  a s t r a igh t  l i n e .  The output of the red-time decay program i s  
a p lo t  of t h e  log  of t he  successive half-cycle amplitudes versus number of 
ha l f  cycles,  which i s  proportional t o  t i m e  i f  constant frequency of  decay i s  
assumed. 
i n i t i a t e d  f l a g  s igna l  j u s t  p r i o r  t o  t h e  control pulse input or by a f l ag  s igna l  
automatically generated j u s t  p r io r  t o  the  osc i l l a to ry  vane stop e l e c t r i c a l  
command. When the  compute mode i s  t r iggered ,  the computer processes the  t i m e  
h i s tory  data  as follows: 
The compute mode of t he  program i s  t r iggered by a p i lo t -  or ground- 
It searches f o r  extreme values,  maxima and minima, i n  such a w a y  
t h a t  each successive extreme value Y i s  determined 
It calculates  t h e  double amplitude D fo r  each ha l f  
equation : 
i 
i 
and s tored  (fig.  3). 
cycle,  by the 
where i = 1,2 , . . . . N-1 ,  with N 5 40,  a p rac t i ca l  maximum number 
of  ha l f  cycles.  
The logarithm of  the  double amplitude D i s  calculated and normal- 
ized  t o  1 . 0  f o r  t h e  maximum value as follows: 
i 
A high-speed l i n e  p r in t e r  i s  u t i l i z e d  t o  rapidly plot  t h e  normalized 
logarithm LD. versus i ,  the number of ha l f  cycles.  A t y p i c a l  example 
of t he  pr inted output i s  shown i n  f igure 4. In  previous appl icat ions,  
up t o  nine response parameters have been simultaneously analyzed and 
p lo t t ed  within 30 t o  40 seconds after the  control  pulse or quick stop. 
Using engineering judgment, t h e  engineer can f a i r  a s t r a igh t  l i n e  
through the  p lo t t ed  data and rapidly determine a quant i ta t ive damp- 
ing value using a transparent overlay. 
As noted i n  f igure  4, the pr intout  format serves as a convenient 
data-keeping device by ident i fying the following : 
1 
(1) tes t  number 
( 2 )  f l i g h t  number 
( 3 )  date 
(4) run code number 
( 5  ) response parameter number/identification 
(6) equivalent airspeed, Mach number, and pressure a l t i t ude  at 
the  t i m e  of pulse calculated from telemetered pressure 
measurements 
type of s igna l  conditioning ( f i l t e r i n g )  u t i l i z e d  ( 7 )  
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(8)  a pr intout  o f  least-squares l i n e a r  curve f i t  o f  t he  function 
LD. versus i between the f irst  maximum LD iden t i f i ed  as S ,  
and a number of consecutive ha l f  cycles ( N ) .  The calculated 
value of s t ruc tu ra l  damping ( g )  percent e r r o r  ( E % ) ,  and the  
average frequency (FM) over the  computer-selected decay 
region are a l so  pr inted 
1 i3  
If the  computer-selected decay region agrees with the  f lu t te r  engineer 's  
judgment, the  damping and frequency can be taken d i r ec t ly  from the  pr intout .  
In addi t ion,  these computer-calculated values of g and FM can be d i g i t a l l y  
displ-ayod i n  the  data-monitoring area during f l i g h t .  
Before the  response t i m e  h i s to ry  s ignals  are used as input t o  the real- 
time decay analysis program, t h e  telemetered data  are f i l t e r e d  through analog 
f i l t e rs  selected t o  i so l a t e  t h e  ant ic ipated modes of i n t e r e s t ,  depending on 
proximity and response amplitude of  adjacent modes. The uni t s  used are 
se lec tab le  as low pass ,  high pass ,  or band pass filters, and they r e l i ab ly  con- 
d i t i on  exponentially decaying s igna ls  having s t ruc tu ra l  damping rates of  up 
t o  25%. 
compatible format at a r a t e  o f  500 samples per  second p r i o r  t o  processing. A 
t yp ica l  f low chart  o f  a PCM data  acquis i t ion and monitoring configuration is 
shown i n  figure 5 .  
The analog s igna ls ,  af ter  proper f i l t e r i n g ,  are  d ig i t i zed  i n  computer- 
This analysis method i s  applicable f o r  modal response cases where the  
mode i s  excited t o  an i n i t i a l  l e v e l  of approximately three times the  average 
l e v e l  of response t o  random and atmospheric turbulence forcing levels. In  
addition , the  technique relies heavily on engineering judgment i n  se lec t ing  
the  proper t i m e  s l i c e s .  
t i m e  and manual p lo t t i ng  e f f o r t  previously required i n  analyzing f ree  decay 
response data 
The computer program does, however, minimize t h e  
Real-Time Response Analysis 
The real-time response program w a s  developed primarily t o  provide rap id  
evaluation of t h e  s t a b i l i t y  trends re la t ive  t o  a large number of modes as a 
function of  airspeed. This technique is  u t i l i z e d  when s inusoidal  frequency 
sweep forcing devices are avai lable  on the  t e s t  a i r c r a f t .  Again, computer- 
processed data are available within approximately 30 seconds after the  end of 
t he  sweep exci ta t ion.  
range of 3.0 t o  50 Hz. The sweep function used, though not a requirement, was 
a l i n e a r  period sweep defined by the relat ionship 
Typical sweep t i m e s  are 40 t o  60 seconds for a frequency 
0 
F 
F ( t )  = 
l + a F t  
0 
where 
F ( t )  = frequency at t i m e  t - Hz 
= frequency at time t = 0 - Hz 
*O 
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t = t i m e  = s e e  
a = dimensionless sweep rate 
This func t ion  w a s  s e l e c t e d  as t h e  b e s t  compromise between response ampli- 
tude ,  frequency s h i f t ,  and t i m e  required t o  sweep through t h e  des i r ed  frequency 
range. The respQnse c h a r a c t e r i s t i c s  r e s u l t i n g  from a l i n e a r  per iod  sweep were 
based on a s tudy  conducted by Edmund A. Bartsch and contained i n  Lockheed 
Report LR 16484, "Flight F l u t t e r  Testing Method." 
Typically,  nine response parameters are processed simultaneously. The 
response ana lys i s  i s  based on t h e  assumption t h a t  t h e  response r a t i o  var ies  
inverse ly  as t h e  modal damping r a t e .  P l o t s  are maintained t o  t r a c k  r e l a t i v e  
response versus equivalent airspeed (see figure 6 as a t y p i c a l  example). 
The response time h i s t o r y  s igna l s  of  each parameter a re  preconditioned, 
p r i o r  t o  being used as input  t o  the  computer program, through constant band- 
width ( k 2 . 5  Hz) t r ack ing  f i l t e rs  t o  minimize extraneous responses and high 
frequency no i se .  The t r ack ing  f i l t e r  cen ter  frequency i s  con t ro l l ed  by the  
telemetered function generator s igna l  which drives t h e  o s c i l l a t o r y  aerodynamic 
e x c i t e r  vanes. The analog outputs of t h e  t racking  f i l t e r s  are then  d i g i t i z e d  
at a r a t e  of  500 samples p e r  second and converted t o  engineering u n i t s  f o r  
processing. Flag s igna ls  are used t o  t r i g g e r  sweep-start and sweep-stop t i m e  
i n  t he  computer. The sweep-stop s igna l  causes the  computer t o  s t o p  receiving 
da ta ,  complete ca l cu la t ions ,  and start  p r i n t i n g  results. A t y p i c a l  real-time 
response ana lys i s  p r in tou t  i s  shown i n  f igu re  7. 
The computer program processes the, time h i s to ry  da t a  as follows: 
It determines inpu t  and response amplitudes. The input function i s  
t h e  output of a s t r a i n  gage bridge on t h e  o s c i l l a t i n g  vane which i s  
c a l i b r a t e d  t o  measure vane normal force .  
Input frequency a t  time of maximum response i s  ca l cu la t ed  from the  
average period of t h e  three  previous and t h e  th ree  subsequent cycles 
o f  t h e  input function. 
It determines t h e  time at  which maximum and minimum response ampli- 
tudes occur, e l imina t ing  minor or t r a n s i e n t  f l uc tua t ions  by a minima 
c r i t e r i a  i d e n t i f i e d  as a "window," r e t a in ing  and p r i n t i n g  out only 
t h e  s i g n i f i c a n t  response m a x i m a  and minima. 
The results of t h e  real-time program are presented i n  tabular form 
( f i g u r e  7 ) .  A separa te  sheet i s  p r in t ed  f o r  each response parameter 
of i n t e r e s t .  A s  noted i n  f igu re  7, t h e  following data are p r i n t e d  
ou t  versus elapsed time from sweep-start f o r  all response maxima and 
minima which satis% the  "window" c r i t e r i a  s p e c i f i e d  wi th in  the  
swept frequency range. 
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Time of input peak i n  seconds (time of max. and min. response) 
Input period i n  seconds 
Input frequency i n  Hz 
Vane input amplitude i n  pounds 
Response amplitude i n  engineering uni ts  ( i  .e. , l b  , in-lb , 
acceleration ( g )  ) 
Response r a t i o  i n  engineering un i t s  
In addition t o  the  response r a t i o ,  and general t e s t  i den t i f i ca t ion ,  the 
following information i s  a l so  pr in ted :  
S t a r t  and stop t i m e  of sweep 
Indi cat  e d a i  rspe e d 
Equivalent airspeed 
Alti tude 
Mach number 
The ident i f ica t ion  of modal maxima is  made by the f l u t t e r  engineer, based 
on frequency and relat ionship t o  response data at previous airspeeds.  
symmetric and antisymmetric sweeps a re  normally made t o  evaluate a l l  per t inent  
modes. 
Both 
Peak Plo t  Data Analysis Program 
The peak p l o t  data  analysis  program w a s  developed at  the  Lockheed- 
California Company and i s  described i n  d e t a i l  i n  Lockheed Report 25111, 
"Fourier Transform Analysis," dated March 31, 1972. 
used a t  Lockheed t o  obtain modal frequency and damping data  from t i m e  h i s tory  
da ta  obtained from r o t o r  system whir l  tower tests,  wind tunnel  f l u t t e r  
model tests,  and L-1011 and S-3A f l i g h t  f l u t t e r  tests. This method i s  
u t i l i z e d  for those pa r t i cu la r  modes where the modal data  of i n t e r e s t  have 
a high level of s igna l  contamination or extraneous response of adjacent modes. 
The peak plot  program i s  avai lable  t o  the f lut ter  engineer as an in te rac t ive  
computer graphics program which allows nearly instantaneous i t e r a t i v e  solu- 
t i ons  t o  be obtained. 
da ta  p lo t t ing  and solut ion displays.  Hard copies of desired data  p l o t s  are 
e a s i l y  obtdned.  
This technique has been 
Simple l i g h t  pen commands can be used t o  optimize 
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The peak p l o t  method may be b r i e f l y  described as follows: 
The Cooley-Tukey fast Fourier transform (FFT) algorithm i s  applied t o  t h e  
d i g i t i z e d  time h i s t o r y  test d a t a  sample i n  order  t o  generate a p l o t  o f  t he  
l o g  of t h e  Fourier transform, l o g  F ( o ) ,  as a function of  the  l o g  o f  t h e  f re -  
quency, l o g  (0 ) .  
displayed by t h e  l i g h t  pen detecting t h e  ind ica ted  frequency peak( s )  on the  
screen displayed p l o t .  
The frequency of t h e  mode or modes o f  i n t e r e s t  i s  llcoarsely'l 
Figure 8 i l l u s t r a t e s  an example o f  such a p l o t .  
A f t e r  s e l e c t i n g  t h e  mode and frequency of i n t e re s t . ,  t he  program then uses 
a d i r ec t  computation of  t h e  d i sc re t e  Fourier transform given by 
N-1  
F ( w k )  = A t  f (ti) [cosuk ti -j Sine k ti] 
i = O  
wheye cc, 
i n g  i n t e r v a l ,  N i s  t h e  number of da ta  po in t s  i n  t h e  block being transformed, 
t. i s  t h e  ith t i m e  po in t ,  and j i s  
is t h e  frequency o f  t h e  mode t o  be analyzed, At i s  t h e  d a t a  sampl- k 
fl 1 
Since 'w i s  an approximate frequency, procedures have been programmed t o  k 
i t e r a t e  t o  a near ly  t r u e  w by ad jus t ing  t h e  harmonic number, k ,  and number of  
d a t a  p o i n t s ,  N ,  used i n  t h e  transform. 
The next s t e p  i n  t h e  method generates a t i m e  h i s t o r y  of t h e  function 
The t i m e  dependence o f  t h e  function G( 7 ) is  obtained by computing t h e  
f o r  a sequence o f  da t a  blocks where G( 7 )  i s  computed function I n  F( uk)l 
by using t h e  tes t  da ta  f ( t )  f o r  the  t i m e  i n t e r v a l  
T <  t < 7 +  ( N - 1 )  ; 7 i s  t h e  t i m e  of f i r s t  d a t a  poin t  i n  
t h e  block being transformed. 
A running Fourier transform i s  used f o r  computing e f f i c i ency .  The da ta  f o r  
each block i s  e f f i c i e n t l y  transformed by a recursive formula which uses the  
results from t h e  previous block. A f t e r  t h e  first block., t he  result f o r  sub- 
sequent blocks i s  obtained by a s ing le  de l e t ion  of  a term, and t h e  addition 
of a new t e r m  t o  the  result of  the  previous block. 
The basis f o r  t he  peak p l o t  method i s  t h a t  t h e  t r a n s i e n t  response is  
c lose ly  approximated by an exponentially damped sinusoid.  
i s  a p l o t  o f  I n  F (o ) versus t h e  t i m e  corresponding t o  t h e  first d a t a  
The a c t u a l  peak p l o t  
- I k l  
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point f o r  the sequence of data blocks. A measure of  the  d a q i n g  i s  obtained 
ce o f  noise 
cedure i n  some applications,  bu t  primarily as a pos t f l igh t  or pos t t e s t  data  
analysis too l .  
CONCLUDING REMARKS 
Each of t h e  flutter t e s t i n g  methods described has ce r t a in  advantages and 
disadvantages such as cost ,  ease of use, spec i f i c  exc i ta t ion  requirements, and 
appl icabi l i ty  t o  spec i f i c  test  objectives and is used ind iv i  
combination as judged necessary. None of t h e  methods descr i  
conclusive s t a b i l i t y  data  under cer ta in  flight conditions such as heavy Mach 
or transonic buf fe t  conditions for  higher damped modes. 
r e l y  heavily on t h e  engineer-in-the-loop approach fo r  f i n a l  judgement. 
All methods described 
The a v a i l a b i l i t y  of high-speed/capacity computers has provided t h e  neces- 
sary t o o l  fo r  developing advanced data analysis methods which more f u l l y  
s a t i s f y  the desired objectives of  f l u t t e r  t e s t i n g  at economically feasible 
l eve l s .  Current development studies within the  aerospace industry and govern- 
m n t  agencies are contributing t o  more sa t i s f ac to ry  solut ions of the problem. 
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Figure 1. Photographs of f l u t t e r  vane instal led on a f t  fuselage. 
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Figure 2. Photographs of the flight f l u t t e r  t e s t  
vane excitation control units. 
387 
.- 
Y 
F 
4- 
m c 
388 
+ 
+ 
+ 
+ 
+ 
+ 
b 
& 
6 
+ 
+ 
+ 
4 
33s 
- r v  
__ 
> L O C  
> P C  
-N. 
3- r 
+ 
+ 
+ 
+ 
+ 
+ 
0 
+ 
+ 
+ 
z8: 
.-.-I 
( 0 - 1  
00) 
Nr I 
~ 
m w j  
4- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
3(oC v o c  vmr 
Q) 
Q 
J e 
a 
4 
DCDC 8%:: 
N N C  
~ 
389 
I I 
4 
I___) 
cd 
a %3 
cd 
%I 
0 
-!J 
k 
cd 
6 
rl 
k 
rl 
cd 
0 
.r( 
8 
390 
N 
w 
I 
t; 
G 
ZI 
z 
2 
w 
3 
U 
U. 
m 
J 
0 
8 
c . 
al 
2 
0 
I- 
2 
12 
w 
0 z 
v) w 
U 
w > 
F 
4 w 
U 
26 
24 
22 
20 
18 
1 .0VL 
.4 .5 .6 .7 .8 .9 
1 .0VL 
AIRSPEED V/VL 
1 POUND = 4.448 NEWTONS 
Figure 6 .  Typical frequency and response r a t i o  vs. equivalent 
airspeed from real-time response analysis. 
391 
G 
c 
U 
5 
C 
< 
5 
C 
! 
< 
< 
1 
I 
! 
P- 
392 
--.a00 
-.160E 01 
MAG. - L 
01 -.240E 
-.320E 
-.400E 
FOURIER TRANSFORM CASE 100, VAR. 1 -LT STABTIP, NZ 
O 1 t  01 
.OW .400E 01 .800E 01 .120E 0 2  .160E 02 .200E 02 
m FREQ I .5120E 03 I NUMBERPTS. TIME HISTORY 
,zTK- ~ .5700E 01 
INPUT DATA 
EXIT 
FREQ = .9760E- 01 
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